UNCLASSIFIED 
AD  NUMBER 


AD020398 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release,  distribution 
unlimited 


FROM: 

Distribution  authorized  to  DoD  only; 
Foreign  Government  Information;  AUG  1953. 
Other  requests  shall  be  referred  to 
British  Embassy,  3100  Massachusetts 
Avenue,  NW,  Washington,  DC  20008. 


AUTHORITY 

DSTL,  DEFE  15/2124,  30  Jul  2008;  DSTL, 
DEFE  15/2124,  30  Jul  2008 


THIS  PAGE  IS  UNCLASSIFIED 


UNCLASSIFIED 


AD  NUMBER 
AD020398 

CLASSIFICATION  CHANGES 
TO 

confidential 


FROM 


secret 


AUTHORITY 


ARDE  List  No.  1,  Oct  1954-30  Jun  1956 


THIS  PAGE  IS  UNCLASSIFIED 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 

Reproduced  by 

DOCUMENT  SERVICE  CENTER 

KNOTT  BUILDING,  DAYTON,  2,  OHIO 


The  following  ESPIONAGE  NOTICE  can  be  disregarded  unless  this  document 
is  plainly  marked  RESTRICTED,  CONFIDENTIAL,  or  SECRET. 


NOTICE:  THIS  DOCUMENT  CONTAINS  INFORMATION  AFFECTING  THE 
NATIONAL  DEFENSE  OF  THE  UNITED  STATES  WITHIN  THE  MEANING 
OF  THE  ESPIONAGE  LAWS,  TITLE  18,  U.S.C.,  SECTIONS  793  and  794. 
THE  TRANSMISSION  OR  THE  REVELATION  OF  ITS  CONTENTS  IN 
ANY  MANNER  TO  AN  UNAUTHORIZED  PERSON  IS  PROHIBITED  BY  LAW. 


ASTIA  FILE  COPY 


SECRET 


COPY  No.  45 


MINISTRY  OF  SUPPLY 


ARMAMENT  RESEARCH  ESTABLISHMENT 
REPORT  19/53 


WEAPONS  RESEARCH  DIVISION 


Assessment  of  Blast  Damage  to  Simple  Structures 


Part  l Estimation  of  the  Chamber  Effect 


J.W.  Gibson  and  T.  L.  Wall 

Safely  in  Mines  Research  Establishment,  Buxton 


Fort  Halstead 
Kent. 


SECRET 


August 

1953 


SECRET 


MUTE®!  OP  SUPPLY 

Extra-mural  researoh  oontract 
with 

SAPETT  IN  MINES  RESEARCH  ESTABLISHMENT,  BUI TON 
A.R.B.  Report  lfl/53 

Assessment  of  blaat  damage  to  simple  structures 
Bert  1 - Estimation  of  the  clumber  effect 

J. W.  Gibson,  B.Sc.,  and  T. L.  Vail,  B.Eng. 


CONTENTS 


Summary 

Introduction 

Definition  of  simple  structure 

Experimental  method 

Cylindrical  rl retted  oans 
Rectangular  cans 

Variation  of  chamber  sise  _ 

Experimental  Results 
Suasary  of  trials 

Comparisons  beteeen  oylindrioal  and  rectangular  oans 
Discussion;  Estimation  of  ohaaber  effect 
Conclusions 
References 
Appendix 

Approved 

. f. for  Director,  S.M.R.E. 

Senior  Superintendent,  A.R.E. 


Buxton  Report  E 203 


March,  1953 


CUCRET 


\j\  p-p-  p-  vnVmVm 


IMPORTANT 


1-ys.c‘Mct.i  './lo./ij  /><•  returned  tu  the  Chief  Information  Officer,  Armament  Research 
■ i:>  f-Jil  Hut  Head,  Vmio.is.  Kent,  if  retention  becomes  no  longer  necessary. 


INITIAL  JlSTrilBUTlUH 


Internal 

No.  1 OSAR 

2 SdfP 

>-4  3B£P  - Att.  Nr.  J.f.  Gibson,  Nr.  T.L.  Wall 

5 - Nr.  G.T.  Laing  (shobburyncu) 


nsAM  BLfigggg 

6-7  Ca/£HM 

8 DTO(D) 

9-18  Dirvotor,  3fflB 

19  iVBB  - m 

20-21  - SPB 

22  nsin 

2}  DGPV 

24  DRAS(GPr) 

25-26  liC  of  S 

27-28  Royal  School  of  Tank  Technology 

29-30  3eo.  A. A.  Lethality  Comitteo  (OBJ 

31  3oo.0B 

32  - Att.  Nr.  Bishop 

33  Prof.  Pearson,  University  College,  London 


Overseas  ( thromh  TPA3/TIB) 

34-51  U3  - Joint  Beading  Panel 

52  -RAD  Board 

53  - Applied  Ftyaios  Laboratory,  Johns  Hopkins 

University  (Att.  Dr.  C.?.  Beyer) 

54  - BallistLos  Bes.  Lab.  Aberdeen  (Att.  Dr.  T.E.  Sterne) 

55  • Naval  Ordnanoe  lab.  Bxp«Div.  (Att.  Dr.  Paul  Pye) 

56  BJSB  - P.O.  Box  680,  Benjamin  Franklin  Station, 

Washington  D.O.  (Att.  Mr.  B.P.  Hieke) 

N)  y.  u*  y.hsorj 

57  Canada  - Dept.Nat.Daf. 

58-61  - Defies  .liaison 

62  - Hat «Baa .Council 

63-64  TPA3/TTB  - Retention 


£2* 


65-80 
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SHMMtRT 


Snail  ohargos  of  H.E.  bare  been  exploded 
oont rally  in  open-end ad  rectangular  steal  boxes 
baring  dimensions  in  the  ratio  1x1x2,  and  the 
amount  of  deformation  is  taken  as  a measure  of 
damage.  The  amount  is  influenced  by  the  dimensions 
of  the  confining  chamber  mi  thin  which  the  target  box 
is  suspended  prior  to  detonation.  It  has  been  found 
that  the  damage  is  within  1 per  cent,  of  the  damage 
resulting  from  a trial  in  the  open  if  the  linear 
dimensions  of  the  chamber  exceed  4-1/2  times  the  linear 
dimensions  of  the  target.  More  specifically  the  o rose- 
section  of  the  oonfining  chamber  must  exceed  a certain 
minimal  and  there  ia  a critical  length  for  each  orosa- 
aeotion  whioh  exceeds  this  minimum. 

Comparisons  haws  been  made  with  open-ended 
cylindrical  ri retted  oans  and  further  trials  with 
other  target  structures  are  to  be  made. 


nraopucTioN 


A great  deal  of  work  has  been  done  on  the  damage  to  aircraft  structures 
by  internal  and  external  blast;  suoh  trials  entail  the  destruction  of  real 
or  replica  targets  under  conditions  which  simulate  as  oloaely  as  possible 
those  conditions  whioh  are  thought  to  be  important  in  anti-aircraft  attack. 
The  purposes  of  these  trials  are  many  and  waried  and  the  experimental 
techniques  may  be  illustrated  by  consideration  of  a recent  investigation  on 
the  effect  of  altitude  on  internal  blast  damage  to  aircraft  structures  by 
small  D.A.  fused  shell  (Ref.  l).  This  comprised  a study  of  the  relative 
effectiveness  of  various  K.E.  fillings  at  altitudes  and  sea  level  and  it  ms 
concluded  that  the  daornge  effect  at  50,000  ft.  was  reduced  to  about  half  that 
oauaed  at  sea  level. 


Damage  ia  aaaessed  in  a somewhat  arbitrary  manner  by  inspection  and 
comparison;  damage  oauaed  by  fragaente  or  blast  consists  of  bulges, 

boles  or  tears,  all  of  which  are  measurable  but  not  necessarily  additive. 

A spar  or  rib  Miy  be  dented,  bent  or  fractured;  a plate  may  be  holed,  cracked 
or  deformed.  the  damage  to  the  structure  aa  a whole  is  given  an  assesmsent 
whioh  ia  expressed  aa  a percentage  by  comparison  with  damage  to  a similar 
structure  under  specified  conditions.  Long  experience  has  resulted  in  a 
method  of  assessment  which,  in  spite  of  its  somewhat  arbitrary  nature,  ia 
reproducible  and  absolute  in  the  sense  that  it  provides  a measure  of  those 
faotors  whioh  result  in  a kill. 


A complementary  theoretical  study  of  the  reduction  in  blast  from  bare 
charges  at  high  altitudes  has  been  made  (Ref.  2)  and  the  conclusions  reached 
axe  not  inconsistent  with  the  results  of  the  field  trials.  A simple  blast 
mave  at  a point  in  spaioe  may  be  described  by  three  parameters,  peak  pressure  p, 
duration  of  the  positive  pulse  T and  positive  impulse  I (defined  to  bej  pdt). 

the  shape  of  the  positive  pulse  is  often  assumed  to  be  constant  and  thus  the 
presrure-time  relationship  may  be  expressed  in  terms  of  two  parameters  P and  I. 
It  ie  suggested  from  the  theoretical  treatment  (Ref.  2)  that,  at  60,000  ft. 
altitude,  the  positive  impulse  I at  a given  distance  from  the  oharge  ia 
reduced  to  roughly  half  ita  value  at  sea  level.  With  peak  overpressure  the 
reduotion  at  altitudes  depends  on  the  magnitude  of  the  pressure;  when  it  it 
less  tban  5 p.s.i.  there  is  a decrease  of  50  per  oent.  Further  information 
on  the  effeot  of  altitude  ia  available  from  U.S.  Reports  (Refs.  3 and  4). 


The  fundamental  problem,  then,  is  to  oorrelate  the  pressure-time 
relationship  which  describes  a blast  wave  (expressed  in  terms  of  measurable 
parameters)  resulting  from  a oharge  or  warhead  with  the  damage  to  aircraft 
structures  wider  realistic  conditions.  Sperrasaa  (Ref.  4)  has  aaaaaaed  tbs 
dependence  on  peak  pressure  and  impulse  of  damage  to  A-25  aircraft  oy 
external  blast.  Bars  charges  of  50/50  Pentolite  varying  from  8 to  5000  lb. 


SECRET 


2 - 


weight  were  detonated  at  various  distances  from  the  aircraft.  For  a given 
charge  weight  the  distance  between  charge  and  target  see  varied  until  the 
target  ws  damaged  to  specified  extent.  Measurements  were  made  of  the 
pressure  pulses  and  values  of  F and  I estimated.  Thus,  for  »veh  charge 
•eight,  estimates  of  P and  I were  obtained  from  the  blast  wave  whioh  resulted 
in  standard  damage,  and  by  varying  the  charge,  the  relation  between  P and  I 
for  constant  damage  was  derived.  These  relationships  are  empirical  and  not 
easily  interrupted  and  it  would  seem  that  the  correlation  between  pressure 
pulse  and  damage  assessment  might  be  simplified  by  a study  of  the  damage  by 
blast  to  simple  structures. 

Simple  structures  - If  damage  to  a structure  subjected  to  a pressure  pulse  of 
specified  form  can  be  analysed  m&theeiaticaHy , then  that  structure  may  be 
regarded  as  being  simple  in  the  mathematical  sense.  A structure  may  be  of 
simple  shape  (for  example,  a rectangular  box  made  from  thin  sheet  metal)  end 
it  may  simulate  seme  features  of  a more  complex  structure,  yet  the  definition 
of  the  blast  damage  to  it  may  be  complex.  The  damage  to  such  a target,  however; 
may  be  described  by  a physical  measurement , such  as  change  in  distension  or 
extent  of  deformation.  Experiments  made  vith  relatively  small  targets  may 
constitute  a useful  approach  to  understanding  the  mechanism  of  blast  damage. 

The  general  study  of  the  problem  is  stxmnarised  as  follows :- 

(i)  A study  of  the  pressure-time  relationships  resulting  from  detonations 
of  bare  charges  of  explosive,  and  methods  of  altering  the  shape  of  these  pulses. 
The  shape  of  the  blast  wave  depends  on  distance  from  the  charge , and  suitable 
methods  of  measuring  blast  pressures  must  be  developed.  Pieso-electrio  gauges 
suitable  for  this  application  are  in  process  of  development  and  experimental 
data  are  closely  linked  with  theoretical  research. 

(ii)  A theoretical  study  of  the  effect  of  blast  on  mathematically  simple 
structures,  for  example,  the  permanent  deflection  of  a thin  membrane  or  plate 
caused  by  an  applied  pressure  pulse. 

(iii)  The  correlation  of  measured  damage  to  mechanically  simple  structures 
and  measurements  of  the  blast  wave*  this  includes  damage  to  plates  and  rods, 
and  damage  by  internal  and  external  blast  to  steel  bores  which  are  freely 
suspended  or  rigidly  attached  to  struts.  The  magnitude  and  shape  of  the 
pressure  pulse  may  be  varied  by  varying  the  distance  between  charge  and  target 
and  by  using  different  types  of  explosive.  Most  of  the  trials  will  be 
carried  out  with  relatively  small  structures  and  a scaling  investigation  may 
be  necessary.  It  is  also  planned  to  study  the  effects  of  altitude  and 
temperature  on  blast  damage  by  this  technique,  and  a small  pressure  chamber 
will  be  required. 

The  final  stage  will  be  correlation  o,  blast  v.uve  parameters  with  the 
damage  criteria  derived  from  theory,  from  simple  trials  and  from  field 
assessments. 

The  experimental  approach  outlined  above  may  economise  on  full-soale 
trials  in  connection  with  the  study  of  blast  at  altitudes.  Some  trials  using 
representative  aircraft  structures  were  carried  out  at  Pendine  (Ref.  5). 

The  experiments  comprised  static  detonations  of  20  ora.  Hi span o H.B./1  shell 
within  the  structure  and  trials  with  the  shell  burst  in  flight  by  means  of  a 
burster  plate  fitted  into  the  structure.  All  firings  were  made  in  the 
altitude  firing  chamber  which  is  designed  to  give  temperature  and  pressure 
conditions  corresponding  with  any  altitude  from  sea  level  to  50,000  feet. 

The  chamber  is  cylindrical,  of  length  15  ft.  and  diameter  3 ft.  6 in.  and 
with  a removable  end;  the  wing  targets  were  approximately  A ft.  6 in.  long, 

2 ft.  8 in.  wide  and  6 in.  deep.  The  target  was  relatively  large  compared 
with  the  chamber  and  it  was  observed  that  there  was  a 'chamber  effect'  at 
sea  level  conditions;  the  confinement  caused  a considerable  reduotion  (of  the 
order  of  AO  per  cent. ) in  the  observed  damage  compared  with  the  results  of 
similar  trials  in  the  open  air.  Unfortunately  it  is  not  known  to  what  extent 
the  chamber  effect  varies  with  altitude.  It  was  deoided  that  experiments 
with  simple  model  targets  and  varying  degrees  of  confinement  might  throw 
light  on  this  problem  and  provide  information  which  would  be  of  value  in 
designing  a full-size  altitude  chamber. 


The  present  report,  whioh  describes  the  first  stage  of  the  general 
investigation,  is  oonoemed  with  the  relationship  betseen  the  amount  of 
damage  by  internal  blast  to  simple  box  structures  and  variation  in  sise 
of  the  confining  chamber. 


EEPBRIMENTAL 


The  precise  damage  to  a simple  box  structure  from  blast  resulting  from 
a charge  suspended  internally  is  dependent  on  a mssber  of  faotors,  each  of 
which  is  a souroe  of  variation;  the  dimensions  of  the  box,  thickness  and 
hardness  of  the  material,  weight,  shape  and  position  of  the  oharge  must  all 
be  carefully  controlled  to  give  a reproducible  damage  criterion.  It  is 
convenient  to  express  the  damage  to  a specified  type  of  target  as  a function 
of  charge  weight,  all  other  faotors  being  matched  as  far  as  possible.  In 
choosing  the  exact  type  and  shape  of  target,  there  are  two  main  requirements 
to  be  satisfied;  the  damage  should  permit  of  precise  measurement,  and  it  should 
be  reproducible.  Variation  within  a batch  of  similar  trials  should  be  nail 
so  that  small  samples  may  be  used  and  significant  differences  between  batches 
clearly  demonstrated.  As  is  described  below,  the  first  design  of  target  was 
a cylindrical  rivetted  steel  can  with  open  ends  and  this  did  not  satisfy  the 
requirements;  the  second  type,  a rectangular  box  with  open  ends  was  highly 
satisfactory. 

a lindrical  rivetted  cans  - The  cylindrical  cans,  of  length  12  in.  and 
ameter  6 in.  , were  produced  from  tinned  mild  steel  plate  of  thickness 
0.031  in.;  a rectangular  sheet  of  metal  was  bent  into  a cylinder  and  the 
overlapping  edges  were  secured  by  means  of  two  rows  of  24  rivets,  spaced 
0.5  in.  apart.  The  ends  were  left  open.  The  charge,  consisting  of  a C.E. 
pallet  of  diameter  0. 35  in.  and  of  chosen  length  (length  to  diameter  ratio 
varied  between  1/2  and  2) , was  taped  on  to  a wooden  plug  with  inset  detonator, 
the  detonator  being  set  along  the  axis  of  the  cylinder.  The  charge  ^s 
positioned  by  strings  in  the  centre  of  the  structure  which  was  itself 
suspended  in  the  open  betmen  two  posts  6 ft.  high  and  10  ft.  apart.  This 
constituted  an  experiment  in  open  air.  To  study  chamber  effects  the  target 
was  positioned  in  the  centre  of  a totally  enclosed  rectangular  chamber  of 
square  cross-section  constructed  from  steel  plates.  Damage  from  relatively 
small  charges  (4  gm.  p.E. ) consisted  of  plastio  deformation,  usually  in  a 
band  running  circumferentially  around  the  middle  of  the  can;  a oharge  of  5 gm* 
resulted,  in  addition,  in  a tear  along  the  rivetted  joint.  A charge  of  7 gm. 
gave  a long  tear  at  the  rivets  together  with  other  longitudinal  tears  in  the 
can  and  general  deformation  of  shape.  Examples  of  damaged  cans  are  shown  in 
Fig.  1.  In  consequence,  it  was  very  difficult  to  obtain  an  exaot  estimate 
of  overall  damage;  criteria  adopted  were  (a)  nimber  of  torn  rivet  holes  and 
(b)  the  total  length  given  by  the  sum  of  individual  tears. 

Reotangular  cans  - The  first  type  of  rectangular  can  was  produced  by  bending 
and  welding  from  a reotangular  piece  of  mild  steel  2 ft.  x 1 ft.  x O.O63  in. , 
giving  an  open-ended  box  of  length  1 ft.  and  square  section  6 in.  The 
dimensions  of  the  nominally  square  section  in  a plane  through  the  centre  of 
the  oan  were  measured  exactly  and  the  charge  positioned  as  before.  After 
detonation  the  oan  was  deformed  but  not  torn,  that  is,  the  sise  of  charge 
was  such  as  to  deform  the  square  section  into  four  circular  arcs,  and  the  two 
dimensions  in  the  oentr&l  plane  were  again  accurately  measured.  Damage  was 
defined  as  percentage  increase  in  mean  of  two  measurements  and  varied 
according  to  oharge  weight  from  zero  to  over  23.  Between  0 and  23,  this 
damage  criterion  was  found  to  be  very  accurate  and  reproducible,  and  varied 
smoothly  with  variation  of  oharge  weight.  Some  deformed  oans  are  shown  in 
Mg.  2;  if  the  ctwrge  was  too  large,  the  damage  was  less  precisely  defined 
and  less  dependent  on  the  exact  weight  of  oharge  detonated  (Fig.  2C). 

Most  of  the  trials  were  made  with  pressed  C.E.  pellets  and  as  the  oharge 
weight  was  varied  it  was  not  always  possible  to  maintain  a fixed  shape  of 
oharge  (i.e.  length  to  diameter  ratio).  Attempts  were  made  to  use  an 
approximately  spherioal  oharge  by  moulding  a given  weight  of  P.E.  around  the 
end  of  the  detonator;  this  resulted  in  damage  wldch  was  subject  to  more 
variation  than  that  obtained  from  the  pressed  tetryl. 


Throughout  most  of  the  investigation  the  target  consisted  of  the  open- 
ended  rectangular  can  with  dimensions  in  the  ratio  2;1:1.  The  thickness  of 
steel  sms  varied  between  0.031  and  0.062  in.  and  length  between  6 in.  and 
18  in. 

Variation  of  chamber  size  - Although  the  reasons  for  the  ohamber  effect  are 
not  clearly  understood,  we  may  assime  for  a given  target  shape  that  there  is 
a chamber  size  within  which  damage  to  the  target  does  not  differ 
significantly  from  damage  in  a similar  triad  in  open  air.  The  target  was 
open-ended  with  dimensions  in  the  ratio  2 j 1 (length  to  diameter  or  width  of 
square  seotion)  and  the  confining  chamber  was  also  of  square  cross-section 
and  variable  length.  The  size  of  chamber  could  not  be  varied  systematically 
since  use  was  made  of  such  steel  boxes  and  plates  as  rare  available;  four 
types  of  chamber  were  used, 

(a)  a rectangular  box  of  1 ft.  square  seotion,  and  length  variable  from 
14  in.  to  8 ft. , 

(bl  a 2 ft.  cube, 

(cl  a rectangular  chamber  7 ft.  x 3.5  ft.  x 3.5  ft. , 

(d;  a rectangular  box  of  2 ft.  square  section,  and  length  up  to  6 ft. 


EXPERIMENTAL  RESULTS 


Summary  of  trials  - The  series  of  trials  are  shown  in  Table  1 , and  a summary 
of  the  results  in  Tables  2-6  (Appendix).  The  results  are  shown  graphically 
in  Pigs.  3-8. 

No  attempt  has  been  made,  as  yet,  to  express  damage  as  an  empirical 
function  of  the  dimensions  of  the  target  owing  to  the  variations  of  thickness 
and  hardness  within  a batch  of  nominally  similar  steel  plates,  but  care  has 
been  taken  to  match  each  trial  under  specified  confinement  with  an  equivalent 
trial  in  open  air.  It  is  assumed  and  verified  in  some  cases  that,  if  damage 
to  a target  under  certain  conditions  of  confinement  is  significantly  different 
from  the  equivalent  experiment  in  open  air,  then  similar  pairs  of  targets  of 
the  same  dimensions  but  produced  from  different  steel  would  give  the  same 
answer. 


TABLE  1 - Series  of  trials 


Chamber 

size. 

Target  ft. 

size,  in. 

1 x 1 x L 

mm 

mmmm 

BBS 

SB 

Series  code; 

6 (diam.)  x 12 

A 

C 

6 x 6 x 12 

B 

D 

K 

4x4x8 

E 

G 

huh 

tMMm 

P 

H 

5 X 5 x 10 

I 

L 

9 x 9 x 18 

J 

5.5  x 5.5  x 11 

M 

An  interacting  result  obtained  in  the  early  etagea  of  the  investigation 
was  that  it— age  under  confinement  oould  be  greater  or  leaa  than  in  open  air, 
depending  on  the  degree  of  oonfineaent.  In  Mg.  3 the  percentage  deformation 
ia  plotted  as  a function  of  charge  weight  for  rectangular  targets 
6 z 6 x 12  in.  produoed  froa  0,062  in.  thick  ateel.  in  series  B the  eross 
section  of  the  confining  ohaaber  ass  constant  (1  ft.  square)  and  its  length 
varied.  Vlth  a length  of  14  in.  (1.17  ft.)  ehioh  is  only  2 in.  in  ezoess  of 
the  length  of  the  target  the  daaage  ess  considerably  greater  than  in  open  air. 
then  the  ohaaiber  length  van  increased  to  2 ft.  the  deforaation  ess  decreased 
as  a result  of  eeafiaament.  It  oan  be  eeen  that  as  the  length  is  inoreased 
(up  te  8 ft.)  the  daaage  curve  is  oloser  to  the  open  air  condition  but  a auoh 
greater  inerease  ia  length  night  be  neoessary  to  give  data  which  do  not  differ 
significantly  froa  conditions  of  no  oonfineaent.  This  is  shown  in  Mg.  7 
where  ea  etteapt  has  baea  ends  to  fit  a saooth  curve  to  a limited  masher  of 
observations. 

By  including  the  data  froa  series  D in  Mg.  3 it  is  seen  that  the  effect 
of  oonfineaent  cannot  be  explained  s imply  as  a function  of  the  volume  of  the 
ohasiber.  The  daaage  in  a ohaaber  2 x 2 x 2 t U is  closer  to  open  air  daaage 
than  that  resulting  froa  oonfineaent  in  a box  1x1x8  ft. 

In  a systematic  approach  to  the  problem,  the  technique  of  varying  the 
length  of  a ohaaber  of  fixed  cross-sea tion  would  seem  a profitable  one  and 
curves  to  those  in  Pig.  7 are  obtained  froa  the  results  of  series  K, 

L and  M.  Given  a ohaaber  of  2 ft.  x 2 ft.  cross-section  we  find  that  a 
target  4x4x8  in.  Buffers  daaage  similar  to  that  in  open  air  when  the 
length  exceeds  a value  between  3 and  4 ft.  On  the  other  hand  with  a target 
6x6x12  in. , there  is  a ohaaber  effect  with  lengths  up  to  6 ft.  It  is 
estimated  that  the  erltioal  length  for  a target  5.5  x 5.5  x 11  in.  is  just 
about  4 ft. 

The  results  froa  series  B and  ? are  suaaarlsed  in  Pig.  4 and  it  appears 
that  a ohaaber  2x2x2  ft.  affects  the  daaage  to  targets  of  sixes 
4x4x8  in.  and  3x3x6  in.  With  a large  confining  clpmber  of  fixed 
diaenslons  J.5  x 3.5  x 7 ft.,  however,  it  is  only  when  the  target  is  as  large 
as  9 x 9 x 18  in.  that  tbs  ohaaber  effeot  is  apparent. 

Cosmarlsoas  between  oyllndriool  and  rectangular  cans  - It  has  been  mentioned 
that  the  cylindrical  rlvetted  target  6 in.  (diaa-)  x 12  in.  was  unsatisfactory 
because  of  the  large  variation  within  a group  of  siai lar  trials.  It  is 
interesting  te  note,  however,  that  the  results  are  ooaparable  with  the  data 
from  the  rectangular  targets.  The  curves  in  Mg.  6 are  similar  to  those  in 
pig.  3 and  the  ohaaber  effects  are  ranked  in  the  saae  order. 
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In  addition  to  obtaining  information  that  has  general  application  in  the 
assessment  of  blast  daamgs  to  simple  structures,  it  was  desired  to  assist  in 
solving  a particular  problem,  namely,  the  effect  of  the  confining  chamber  on 
the  degree  of  daaage  to  a general  target  structure.  Trials  have  so  far  been 
oarried  out  only  on  a particular  type  of  simple  target,  an  open-ended  box,  end 
further  the  dimensions  were  always  in  the  ratio  2x1x1.  It  is  not  to  be 
expected  that  any  preeiss  ohaaber  dimensions  abovs  which  we  estimate  that  the 
ohaaiber  effeot  is  negligible  will  apply  directly  to  other  slafple  forms  of 
target  structure.  Furthermore,  the  statement  that  two  daaage  criteria  do  not 
differ  signifioantly  from  each  other  needs  some  qualification.  With  the 
reotnngular  pans  ws  have  found  that  daaage  Is  reproducible , that  is,  within- 
batoh  variation  is  snail.  Percentage  deforaation  (usually  over  the  order  of 
20  per  cent.)  is  expressed  to  the  first  deoimal  place,  and  in  general  a 
difference  of  0,2  per  oent.  way  be  regarded  as  significant.  This  means  that, 
if  the  damage  assessment  in  open  air  is  20,  damage  under  oonfineaent  is 
regardsd  as  similar  if  its  value  lies  between  19*8  and  20.2,  that  is  within 
1 per  oent.  of  the  value  20. 
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Sstlaatlon  of  ohaaber  sffeot  - In  estimating  minimus  ahmaber  iIm  that 
rasuTia  Tn  3amaje  aSIar  To  that  obtained  In  open  air  (allowing  a 1 per  oent. 
level  of  error)  the  reenlte  auggeet  that  we  should  specify  a minimum  nhsnher 
length  for  any  eross-aoetion  above  a oertain  ainimoa.  Bearing  in  aind 
however  that  ee  have  considered  only  one  type  of  staple  target  structure.  It 
is  advisable  to  specify  ohaaber  sise  in  acre  general  terns,  and  as  sues  that 
the  ohaaber  dimensions  should  be  in  the  same  ratio  as  the  target  diaenaloas, 
■mealy  2x1  x 1.  9ms  if  the  target  ia2£ztxc,the  results  suggests 
■lnlnim  ohaaber  dlaonal ons  9(  x 4.5  c x 4*5 (•  Thus  in  order  to  obtain  daaage 

within  1 per  oent.  of  open>*ir  daaage  the  linear  diaensions  of  the  ohaaber 
should  bs  4-1/2  tiaea  larger  than  those  of  the  target.  If  a difference  up 
to  5 per  oent.  is  aooeptable,  four  times  linear  diaensions  should  be  sufficient. 
If  it  be  desired  to  have  a oubioal  oonfining  ohaaber  then  its  linear  dimension 
should  be  at  least  four  times  tho  narlaus  dimension  of  the  target. 

Further  trials  will  be  carried  out  with  other  types  of  simple  target  and 
attempts  will  be  made  to  apecify  more  fundamentally  the  effects  of  confinement. 


CQHCUBI0S3 

For  open-ended  rectangular  oans  of  dimensions  2x1x1  that  are  deformed 
by  internal  blast  whilst  suspended  in  a oonfining  ohaaber  of  dimensions 
2k  x k x k , the  damage  is  within  1 per  oent.  of  that  resulting  from  a similar 
trial  in  open  sir  if  k exceeds  4.5,  and  is  within  5 par  oent.  if  k it  greater 
than  4. 

ytie  minimum  chamber  dimensions  may  be  defined  more  exactly,  however,  with 
respect  to  this  particular  type  of  target  by  letting  the  chamber  have 
dimensions  2A  x k x k when  k must  exceed  acne  value  k^,  and  for  eaoh  value  of 
k > ko,  there  exists  a critical  value  of  A (sayA0)  which  depends  on  k,  auoh 
thatA  must  exceed  A o- 

Campari  a m a have  been  amde  with  other  types  of  simple  target  structures 
(cylindrical,  open-ended,  rivetted  oans)  and  further  trials  are  to  be  mada. 


1.  "Kffaot  of  altitude  am  internal  blast  damage  to  aircraft  structures  by 

■mall  oalibre  D.A.  fused  shell*)  O.B.  Prco.  Q7204,  1952 

2.  H.H.M.  Pike  4 J.H.  Bird;  "The  reduction  in  blast  from  bare  charges 

at  high  altitudes”;  A.B.E.  Report  3/50 

3.  J.  Dewmy  and  J.  Sperrassa;  "The  effeot  of  atmospheric  pressure  end 

temperature  on  air  shock";  B.R.L.  Report  Ko.  721,  1950 

4*  J*  Sperrassa;  "Dependence  of  external  blast  daaage  to  A -25  aircraft  on 
peak  pressure  and  impulse";  B.B.I*.  Report  No.  575,  1951 

•gffeot  of  altitude  on  internal  blast  daaage  to  aircraft  targets  by 
email  D.A.  fused  shall";  O.B.  Proc.  Q6996,  1951 
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APPENDIX 


TABLE  2 - Stannary  0f  trials,  Sorias  B 
Targot  sisa  12  i 6 z 6 in.,  thiolcnass  of  staal  C.062  in. 
Sisa  of  ohambar  1 x 1 z L ft. 


Chamber 
length,  ft. 
L 

Charm 

Poroentagt 

deformation 

KH 

Weight 

fipu 

Open  air 

Confined 

1.17 

F.B. 

4 

15.9 

• 

m 

5 

15.6 

tt 

V 

6 

18.7 

26.2 

m 

« 

7 

21.3 

28.5 

m 

« 

8 

22.1 

2 

• 

6 

18.7 

13.2,  14.0 

■ 

n 

7 

21.3 

14.9,  16.2 

• 

« 

8 

22.1 

15.4 

8 

N 

18.7 

15.4 

• 

11 

21.3 

17.6 

TABU  3 - Stannary  of  trials,  Sariaa  D,  B,  F 
Sisa  of  ohanbar  2 x 2 x 2 ft. 


Sariaa 


lariat 


la., 


Thioknesa  of 
ataal,  in. 


IX 


Charge 


Weight 


Paroantaae  Saforyation 


Open  air 


6x6x12 

a 


.06 

■ 


P.B. 


7 

8 


21.3 

22.1 


19.2 

21.1 


V x A x 8 

V x A x 8 

V x A x 8 

V x 4 x 8 


4 x V x 8 
V x V x 8 


3x3x6 


.028 

a 

.028 

a 

.028 


.028 


P.B. 


P.B. 

a 


F.B. 

• 

a 

a 

O.B. 


1.0 

1.5 

2.0 

1.0 

1.5 

2.0 

1.0 

1.25 

1.5 

1.75 

.75 

1.08 

1.50 


16.5 
23.3 

31.5 

13.0 

22.7 

25.2 

14.0 

12.0 

16.2 

15.7 

14.5 

18.9  19.1 

21.8 


.028 


C.B. 

a 


17.3 

21.3 


a 


.5 

.7 

1.07 


13.8 

19.4 

24.4  24.8 


11.5 

18.0 

24.4 


8 


Series  Dimensions  Thickness  of 
in.  steel,  in. 


4 x 4 x 8 


4 x 4 x 8 


H 3x3x6 


5 x 5 x 10 


9 x 9 x 18 


C.B.  1.08 

" 1.5 

C.E.  1.08 

" 1.5 


Percentage  deformation 


Open  air  Co 


18.9  19.1 
21.81 


.37  12.1  12.1 
.74  19.4  18.2  19.8 


18.3  18.4  17.2  18.0 


TABLE  5 - Suninary  of  trials.  Series  K,  L,  M. 
Size  of  chamber  2 x 2 x L ft. 


Series  Chamber  Dimensions, I Thiokness 
Length,  in.  I of  steel, 
L ft. 


6 x 6 x 12  .063 


Percentage 

deformation 


Open 

air 


5 x 5 x 10  .032 


4 5.5x5.5x11  .036 

4 • « 

5 


30.3 

16.7  13.8 

14.9  15.4  15.7 


13.3 

15.6 

16.0  16.2 


C.S.  1.06  9.3 

■ 2.16  20.7  20.7  20.5 

■ • 20.5  21.4 
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TABLE  6 - Sumary  of  trials,  Series  A,  C. 

Target  else  12  in.  x 6 in.  (dism.),  thickness  of  steel  (0. 0^1)  in. 
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FIG.  2 


PERCENTAGE  OE  FORMATION  PERCENTAGE  DEFORMATION 
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WEIGHT  OF  P.E.  : GRAMMES 


OATA  FROM  SERIES  B AND  D : TARGET  12X6X6  IN. 

FIG.  3 


WEIGHT  OF  C.E.  : GRAMMES 


DATA  FROM  SERIES  E AND  F : CHAMBER  2X2X2  FT. 


FIG. 4 


I 


TOTAL  LENGTH  OF  TEAR  : INCHES  PERCENTAGE  DEFORMATION 
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WEIGHT  OF  C.E . : GRAMMES 

DATA  FROM  SERIES  G,H,I  AND  K,  CHAMBER  l'/t  x y/z  x 7 FT. 

r ic  * 


WEIGHT  OF  P E.  : GRAMMES 
DATA  FROM  SERIES  A AND  C . TARGET  6 IN.  DIAM.  x 12  IN.  LONG 


no  4 


ft  RCENT AGE  D t FORM  AT  ION  ft  RCtNTACt  Ot  FORM  AT  ION 
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l E NOTH  OF  CHAMBER  L : FEET 


DATA  FROM  SERIES  B : TARGET  I2X6*6IN.  CHAMBER  lx|xL  FT. 


FtO  7 


* I 0 1 


s’xbot 
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541. 126 

..sscsanont  of  blast  danage  to  sinplc  structures 
Part  1 - Estination  of  the  chanbcr  effect 
J.'7.  Gibson  and  T.L.’dall 


Roport  19/55 

Sept  .1953 


Snail  charges  of  H.E.  have  been  exploded  oent rally  in  open- 
ended  rectangular  steel  boxes  having  dinensiona  in  the  ratio  lxl 
x 2,  and  the  mount  of  defomaticn  is  taken  as  a ncaaure  of  danage. 
The  mount  is  influenced  by  the  uinensions  of  the  confining  char.ibor 
v/ithin  v/hich  the  target  box  is  suspended  prior  to  detonation.  It 
has  b^-en  found  that  the  danage  is  v/ithin  1 per  cent,  of  the  danage 
resulting  fron  a trial  in  the  open  if  the  linear  dinensiens  of  the 
chanbcr  exceed  4-1/ 2 tines  the  linear  dinension3  of  the  target. 

More  specifically  the  cross-section  of  the  confining  chanbcr  oust 
exceed  a certain  nininun  and  there  is  a critical  length  for  each 
cross-section  v/hich  exceeds  this  nininun. 

Conparisons  have  been  :ndc  v/ith  open-ended  cylinrlrical 
rivotted  cons  and  further  trials  v/ith  other  target  structures  arc 
to  be  nade. 

9 pp.  3 figs.  1 phot.  Appendix 
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541.126  Sept. 1953 

iisscssncnt  of  blast  danage  to  oii.iplc  structures 
Part  1 - Estination  of  the  chanbcr  effect 
J."’.  Gibson  and  T.L.v,nll 

Snail  charges  of  H.E.  have  been  exploded  centrally  in  open- 
ended  rectangular  steel  boxes  having  dinensiens  in  the  ratio  lxl 
x 2,  and  the  anount  of  defomaticn  is  taken  as  a ncasurc  of  danage. 
The  mount  is  influenced  by  the  dinensiens  of  the  confining  chanbcr 
v/ithin  v/hich  the  target  bcoc  is  suspended  prior  to  detonation.  It 
has  been  found  that  the  danage  is  v/ithin  1 per  cent,  cf  the  danage 
resulting  fron  a trial  ir.  the  open  if  the  linear  ddnensians  of  the 
chanbcr  exceed  4-l/2  tines  the  linear  dinensions  of  the  target. 

More  specifically  the  cross«scction  of  the  confining  chauber  nust 
exceed  a certain  nininun  and  there  is  a critical  length  for  each 
cross-section  v/hich  exceeds  this  nininun. 


Conparisons  have  been  nade  v/ith  open-ended  cylimlrical 
rivottod  cans  and.  further  trials  v/ith  other  target  structures  arc 
to  bo  nado. 

9 pp.  3 figs.  1 phot.  ..ppondlx 
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